Nitrogen is an essential element for plant growth, which has fostered an extensive anthropogenic alteration of the natural nitrogen cycle by the application of fertilizers to optimize crop yields in agriculture and forestry. As a consequence the abundance of reactive nitrogen species has increased in soil, surface-and ground waters and in the atmosphere, leading to environmental problems in terms of global warming (IPCC 2007) , eutrophication and changes in C and N flows in natural ecosystems due to progressive nitrogen inputs (e.g., Matson et al. 2002) . The terrestrial cycling of nitrogen is intimately linked to biogeochemical processes in soil and plants, and the exchange processes which cross the soil-plant-atmosphere boundaries. Knowledge about the causality between, on the one hand, anthropogenic perturbations and environmental conditions and, on the other hand, the exchange rates of reactive nitrogen species is still incomplete and need further attention.
This Special Issue presents research addressing this necessity derived from the European Integrated Project (IP) NitroEurope and presented at The 5th General Assembly and Open Science Conference in Solothurn, Switzerland, February 2010. The 11 publications compiled in this Special Issue focus on the mechanistic understanding of reactive nitrogen fluxes in relation to land management and environmental conditions at experimental scales from plot to landscape.
The turnover, transformation and flux of reactive nitrogen species is inevitably associated to the activity of soil microorganisms in the rhizosphere. Therefore, our ability to understand the ecosystem functioning in terms of nitrogen fluxes requires further insight into the microbiologically mediated processes. The first three publications comprise batch incubation studies addressing the relationship between soil nitrogen cycling, greenhouse gas fluxes and soil microbial community composition in relation to management and climatic conditions for a series of sites across Europe. Under future climate scenarios, increased frequency of fires in Mediterranean environments is expected (IPCC 2007) . Dannenmann et al. (2011, this issue) elucidate the interaction between soil gross nitrogen turnover, greenhouse gas and di-nitrogen gas production in a Mediterranean shrub-land exposed to fire and find reduced microbial N retention and denitrification N gas losses. Inselsbacher et al. (2011, this issue) emphasize the influence of anthropogenic activity in terms of interactions between greenhouse gas emissions, soil microbial composition, plant growth and application of different nitrogen fertilizer types. They study two agricultural soils and provide evidence that ammonia oxidizing archaea play a significant role in nitrous oxide emissions pointing at the selection of mineral fertilizer type as an important mitigation option. Atmospheric nitrogen depositions has a critical impact on natural ecosystems (Matson et al. 2002) , and in the third paper, Zechmeister-Boltenstern et al. (2011, this issue) demonstrate the impacts on soil microbial composition along an European forest gradient representing 12 sites with different vegetation covers and atmospheric nitrogen loads. The work indicates that natural vegetation controls on soil microbial community structures is masked by elevated nitrogen depositions.
Concentrations of reactive nitrogen in the atmosphere also influence forest canopy nitrogen dynamics that may exhibit a significant seasonality (e.g., Duyzer et al. 1994) ; this is investigated by Wang et al. (2011, this issue ) examining a beech forest canopy in Denmark. They find that canopy net nitrogen emissions in early and late season, respectively can be related to leaf nitrogen mobilization during foliation and leaf nitrogen remobilization during senescence.
The significant importance of agricultural plant production for emissions of carbon and nitrogen species is well established (IPCC 2007) , asking for knowledge to make progress in implementing mitigation measures, such as in the form of fertilizer use and the design of crop rotations. These issues are addressed in four papers in this Special Issue, where experimental work has been performed at the field plot scale. Mapanda et al. (2011, this issue ) present data on greenhouse gas emissions and maize crop yields from Zimbabwe in southern Africa, a region sparsely represented in current literature. Specifically, they compare the effects of different types, mineral vs. compost, and amounts of fertilizer on nitrous oxide fluxes in different years, and suggest that composting manure might provide a probable management tool to reduce nitrous oxide emissions. Ranucci et al. (2011, this issue) revise current knowledge about nitrous oxide emissions in rotations with maize and grass-clover under Mediterranean climate conditions. Emission factors for different crop species were well below the 1% recommended by IPCC; amongst several physio-chemical parameters significant for the nitrous oxide emissions, the soil water regime was identified most important. A greater presence of leguminous plant species has the potential to increase soil nitrogen concentrations (e.g., Herridge et al. 2008 ) and thus potentially also surface emissions of nitrogen containing gases, a question taken up by Klumpp et al. (2011, this issue) studying the impact of clover density in intensively managed grass-clover pasture. The study included application of nitrogen-15 labeled fertilizer in order to establish the contribution of different nitrogen pathways to the gaseous emissions, and shows that whereas soil and plant-nitrogen recoveries were independent of clover abundance a trend in data suggested an inverse relationship with nitrous oxide emissions. A far-reaching dataset for assessment of crop production sustainability is provided by Loubet et al. (2011, this issue) . They studied a four-year rotation of maize-winter wheatwinter barley-mustard and provide data on impacts on gaseous and water mediated fluxes and overall budgets for carbon and nitrogen during crop growth and management. A key message of their study is that the crop rotation was a net source of greenhouse gases with a significant contribution from soil respiration, suggesting that management practices to reduce soil respiration provide a promising mitigation option.
Estimates of greenhouse gas emission from arable systems can be facilitated by application of process oriented models that incorporate the multiple drivers for soil nitrogen turnover. A growing number of models have emerged, but there is still a need to improve and verify existing ones. Chirinda et al. (2011, this issue ) compare two models, FASSET and MoBILE-DNDC applied to three organic and one mineral fertilizer based crop rotations. The two models were specifically verified against field observations on nitrous oxide and carbon dioxide emissions, soil mineral nitrogen pools, soil temperature, soil water and plant biomass production. Both models exhibited limitations in their performance, in particular for the organic based crop rotations, confirming the need for further improvement. Ernfors et al. (2011, this issue) studied the influence of mycorrhizal fungi-a distinct and abundant group of soil microorganisms existing in symbiosis with plant-on soil nitrogen cycling. To do so they conducted a trenching study in a Norway spruce stand to examine the effects of excluding sequentially tree roots and ectomyccorhizal fungi on soil emissions of nitrous oxide. By this it could be demonstrated that nitrous oxide emissions doubled when fungi and roots were excluded from the soil.
The last publication in this Special Issue concerns the non-stop development of soil-plant gas flux chambers with new designs and recommendations for their use. In this publication, Christiansen et al. (2011, this issue) compare vented vs. non-vented and mixed vs. non-mixed chambers deployed to a testing facility and provide recommendations for optimal chamber design and use. They show that deployment of vented chambers with continuous headspace mixing by fan is highly recommended.
Together these contributions show how significant advances are being made in our quantification and understanding of the nitrogen cycle. For this we are particularly grateful to the European Commission through its Sixth Framework Programme for Research and Technological Development, which has supported the NitroEurope IP, together with cofunding from many national bodies, as well as the European Science Foundation for its support of the Nitrogen in Europe (NinE) programme and the COST Action 729. This special issue provides a contribution to the work of the European Centre of the International Nitrogen Initiative, a joint project of the International Geosphere Biosphere Programme (IGBP) and the Scientific Committee on Problems of the Environment (SCOPE). We wish to thank all contributors who made this Special Issue possible.
